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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
growing nitride semiconductor having few crystal defects 
which is to be a substrate, and an element of new 
structure comprising a nitride semiconductor substrate. 

SOLUTION: On a hetero-substrate 1, a first nitride 
semiconductor layer 2 is grown, on which a protective 
film 3 is formed, and a part of the first nitride 
semiconductor layer 2 is removed to fomn ruggedness, and 
in order that the growth of nitride semiconductor at an 
end surface of the first nitride semiconductor layer 2 a 
side surface of recessed part exposed to a recessed part 
bottom surface be preferred, length of the end surface 
of exposed first nitride semiconductor layer 2 and width 
of the opening part of the recessed part are adjusted to 
form the ruggedness. On the first nitride semiconductor 
layer 2 where the rough is formed, a second nitride 
semiconductor layer 4 is grown to provide a nitride 
semiconductor which is to be the substrate 1. An element 
structure is formed with the nitride semiconductor 4 as 











if 





(i9)0*@^ff;f (J P) (12) ^ ^ 4# 1^ ^ (A) (ii)i*fFaiK^^^08## 

^11-312825 




(43)^BBB 1^0999)11^ 9 B 



50 Intel.' taS«JI5# F I 

HOIL 33/00 HOIL 33/00 

HOIS 3/18 HOIS 3/18 

//HOIL 21/205 HOIL 21/205 



W*3®®«4 OL 11 M) 



(21) thMmn 




**S5pio- 119377 


(71) fflSA 


000226057 








(22) as a 


:spjBSl 0^(1998) 4 ^28 B 




ffiSifti5gmre±4'irri«49i#»ioo 




(72) mmm 


asm 

16 Siir wm'r&±i'"rfW49 1 #«i 00 B mit 



(54) s^b«;*«*t^cofi£:^»ar5S{h«y¥«^*^3s^ 



(51) [S^l 



A A A A 









-3 
2 



(2) 



1 1 - 3 1 2 8 2 5 



1 

[immi 1 m^t^^'^i^t^f^^mnx ^^^^^ 
(w) t. mi<r>m^m^^^^m<^^^^^^ (d) t 

[ 0 0 0 1 1 50 

^^K^^{t;ife?^^ft: ( I nx A l.r G a i-i-rN. 0^ 
[0 0 0 21 40 

m^^±-t^o 50 



[0 0 0 3] ^^P^^^tl. ^B^BXPf^^:^f|>S{c(g:i^-T;-t 

nGa N.^^mi:^#F*Sit4^^^l^— Tco^tftj . m 
5 8[EiiJ^^i^^^^^^lt7K^, |gr^##4 a Z C- 
2, l997¥lO>^."PresenrLt Stat 
us of InGaN/AlGaN based L 
aser Diodes", The Second I 
nternational Conference o 
n Nitride Semiconductors 
(ICNS* 97) , ^^##S- 1. 1 9 9 7^10 

(0 0 0 4] ±.t^<DmiB^^jfm^t. ifyr-YrS'S-h 

^(o^mm<D±.t-h^^y'^ K^ffi^sfe (Hvp 
E) . ^m^m^nf^w^ (movpe) 

Nll^^S$^^::^l::j: '9^a^ef&co^>7i^/^G a NS 

—ifeiC^xy/U;^— y-^—^c i^:?; (lateral over % 
rowth:LOG. y^^yyu^S) ^ HXi/ 
[0 0 0 5] 

^<D'ptj:\,^m^tLx^'r^zt^^x^t\^\'t. ^(om 
^(o±.\zmzfimim^mw^^&^^^tx. ^^xm^ 
'pt^\^^mi\L^^mm^js.S:x^^<Dx. ^ns^^^^co^ 
^^tmmm^^<i-^'o . '^^nm.^f\.x^^^tj:t-ofzm 

[0 0 0 61 

^JLTcD (1) - (4) co;^^0^co«^{cj:oTa;S:i-6 

( 1 ) ^<t:fe^iSft:<i:^7:^6«-i^J: '0 t^^^mm^co 
±1-. mic7:)M{t:i^^Wf*:®^^dt$ii:^^iox^ 



3 

(2) mw^^com^t^. DD^cor^^Q^coiii (w) 

-b. ^\(Dm\:^^^W-m(r:>^^(n^^ id) ti}^. 0 

(0 0 0 7] o^'9. i^m^(r>j&§z:)jm\-t. m\(Dmit 

^•t-^m 1 coa{t:tJ^#^^±i-j^(::^$h.7tm2 og>fl: 

[0 0 0 8] mm^^m^^(D^^\^tz.'s.i\Lm^'»^(o 

^[0 00 9] rti{:i^L. :^^9>^#fl^ tS3fe60yxy/V 

^fh^^it^ztti'-x^tiit. miBxmmiiLL{z< < 



(3) #f^¥ 1 1 - 3 1 2 8 2 5 

[0 0 10] ^m^n. dh^(D±^^iZ. m^t^^mm'- 

^^'^fzm\(T:>mtm^mw^m<T>^'^tmu(n^'^t u 
Ti/^^. gjc. :^^m\-t. is^f^oisa (^1 (TDSfk^fef 

Lx. miomim^m^i^m<D±izm2<r>m.im^^^^» 

S:^ttbi:bfzmitm^^^»(r>ji§tM::^mm^ri. 
20 mj7\^<r>f^M^^^fzm.it^^^^^\^±f}mu(r)±^x 

tJ£or. ^fi^nfcm2og{t:f5^^«s:JiJ^. ^ 

m\im^mmzx^xi{^^^f\.x\.^^zht^h. mi^^ 
[0011] '^mw^}im\M^m^wm}i(nw 

-^t. m<t^^^mmim:fy\^{z.^^i.xi,. 
[0012] mdb(DmmK mKns.wiMo'^ 

'%Wm<n>^'^(n3i^ (d) ^^(D^u^(r^^ (w) 

0<^/ d^t>}zi'i:^Xo\zmm.\^X'B^^f^^. 
z<DXo\z. QOdb^^Mi-^i:. Sm$i^/::ml omih: 

{w*?^t<, M2^nS{t:^^^frii(5^^®^::mi^^^fB 

[0 0 13] ^fc. :*:^§^£7)^:g;^fcizi: 'O^f^iT^^JS 
{t:i^^^ft:^«<i: LT^o^6^^^i:. 

50 -C-t, LEDTitii5itJE^^L<±^$i^^Z^;6'-T 



5 

[00141 

iriba^r. ^iia^;s:r/[y]db^^^Lfcmico^{h:i^it^^ 

[00161 l^T{-±l5#XMr<hic:(lI^^v>Ti:i-i^ 

A^^^^t-t^-^yr^r. (MgAl 

2 00 00 ct ^ T^e^ttSS. S i C (6H. 4H. 3C 

^#1?) . 2nSs ZnO. GaAs. Si^ RU^t 

[0 0 1 7l ^fc. Hi coxg^-io^.^r. S«SSl± 
icmlom{b:^4^^fr2^J5S:^$■^^t^Ji::^ SSS^l 
±{c^"<'>'y Til (III7F$i^r^/^^:^v^) ^^^gUTbJ: 

:7r;i^ LTf^. A 1 N^ G a N. A 1 G a 

N. I ^N^t-m^^hri^o ^<-yyrm^^. 900 
^cj^T 3 0 0 ^ca±otas-e. a^is 0 . 5 ^ m-- 10^ 

mi(Dm<t^^^i$^2(r)'^^B^m^'ptj:<y'jt^mm 

[00181 mi cOXSf:::teVN-C. SH^^ 1 ±lzMf^ 



(4) i^m^^ 1 1 - 3 1 2 8 2 5 

6 

^i^^ K— ^b?'.^'/^*^^.. undope) cOG a N\ Si. G 
e. ^t/S^cOnSl^^i^^ K-:7^L/::G a 

ztt'^x^^. mi(r}mitm^wi^m2i'±. Sf^. 

^iri^9 0 0°CJ: i^itiiv^S- 1 1 0 0°C. ^^^L<n 

1 0 5 oxx'^mm^ 1 ±i-jS:1:^k^o b 1 (r>m<t^ 

2i::[lDdi^Jf^^-r^^.l:i. ttjI£L7t J: 9 i::^ 2 co^ 
ifi^^^r-t -SS^coM/l. Mri^^izni 0 Q:t>^^:^ 

i- i 1 - 5 u m(r>m!^xmfS.ir ^ r t ^^M^ Lv\ 

[00191 m 2 f±. mi os^ti^^^^^^^^/i 2 o 
±'^zi^mm3^wm-r^m2(r>xut. ^lomim^^ 
^i^m 2 00-^^^^ i.xmdh^mj^i^m 1 tT^s^t^^ 

*Ff®li-e^^o mi(nM{h:^^^^/i2}::Q0di?rff^^-r 

20 ^m2(D^mmtm^(r)m^t^mth$^x^^^. di^± 

^LXB^^thXh^^o 
[0 0 2 01 ^%0^iCib%^T> m\Ih(DM^n. ^'iZ.m'^ 
^rifj:\^^tK ±m<DXo'<z^'^a:>m\zm9tLxmit^^ 

^^m^^^&ir^ ^ 0 KmmLxwm^ttx^^zii^^ < . 
[iii2ow] ^m^Lxm^^h^xh^^, w<z 

mi^l§<D^mtr>-^^ (d) ^Qfl^(;:>§^Df(5(;:>(fi (w) <!r 
00^^. w/d;6^ 0<w/d^5s »^L<}iO<w 

-yu-t? t m 1 (Dm<t^^^^i^m 2 <7Di^Q^;)^ ^ <DfS.^ 

ii- T?#^o ::coJ:9{c. m 1 (7:>S{t:^^^*^2(7:»^® 
[0 0 2 1 1 m2^7:>x^^wiol^r. f^giils ^Jt^^t*^ 

mico^{l:^^iS*/l2^-^^^LT. m\<n 



7 

t-h^tzB^t'^. y>^y^t^m^. ::^hy4y^. ^ 

[0 0 2 21 m^^:^ hy'^yi^(r>]fmt-r^m'^. ^ 
CO 0 2 3 1 m2(7:>i:uvi^^^mfiZ'r^:^^t lx 

^ l7^Xhf\^'*'£^ ^irzvcD^mx o J: < . M;t f^:^ y^:^ 
\(Dm.i\::^^'^^M2\zW:^^ (51^0^) \z^^^Bj& 

;^ Vy^y^ik^^^m^m^X^^, 
[0 0 2 4] %2^XM\:ii6\.'^xmt^^^W-^^y^ 

fl. Wx.f:f^Jj^l*-r ^^V:!!-^^^^^^ (R I E) . ^J^t^ 
-r;^->f-i>.^'>'5^>'^ (R I BE) . n.f''^^ ^ n K 
O-ri-yf^V':/ (ECR) ^ >f ;^>'t'*- A ^v-i/^ 

;ttf. 7!s:mMA;6^5fei-i±iMbyc1#^¥8 - 1 7 8 0 3-^ 
[0 0 2 5] ||2coxmT^>^^.^'E>i^^^^SIg3 i: Lr 

mm^bx^x. m^\'tm.i\i^ M (s lOx) . mtf- 

(T i OO . g^'fbv^vW^^'^A (ZrOO . ^fh: 

T/w5:-'5'A (A 1 2 03) ^(r:>mi\:M. S{t:^-f^ (S 
ixNr) ^<7:>M>fl:ife. ^fzz.f\^h<n^m^(n^. Ni. 

Mo, T i , W^C7)1 2 0 0'C^i:(7:>iB.'^>^fi-r^^JR 



(5) ^r^¥ I 1 - 3 1 2 8 2 5 

5 

m^mW(r)f&Wr^S.6 10 O'^CcoiSSfcioft 

[0 0 2 6] ^7t. |g2cOXmi:i:fci/^r. {^11813 ft. 

[M][ih^^i<;DM>fk:i^^^l$:/i2}::if$^i~5:^&;6^. 

^ly^xh^m-^t. ^^i^^^xh^m-^tx. mj^ 
^m^. %\<r^m\:.^'^^^^m2h\z,\mm^^^mk. 
i^i^xM^^^^z^mms^mj^Lfcm. msox^mcx 

1 co^{fc:i^^^*Jl 2 co^®±t::«gim 3 b 
2(^xm) > Z(r:>±f-hm^<ommz^^ 'yiy^' ' y — 
1 toS-fb 2 irnsdi^^fi^j^i-^ (Us cox 

S) <i:, (£!j^^±®^53^^o;^ic«:^|g3^^?^'9ll2<7:)^" 

[0 0 2 7] i^m^3<of^mt. mzwL^^-r. ^3 cd 
x^3:^^^^^2<Dmitm^m^w-mAt^. \mm3±. 

3 ±xmmLx^^^m 2 ^o^fti^^^^^/i 4 m±^>w^'^ 

30 m:m<Dmmti.x. mi<omm^'^i^m(Dmih^^ti 
^m^^^t. m^<r>^Q^(7:>^'E^mm't'^zt^m^f 

f[0 0 2 8i m3\t. i^mm^vma^m^^^ 
tzmm(Dmm (mi<Dmitm^^^i^2(7:)^m t^^%2 

msiWT^^. %\<nm\Lm^m^m2<r^^mbWMW^ 

\'^(r>Hh\^. SicDfldLSlscoji^^^^pgU-cllicoMIt; 

^^<n^^mm.z^t^m^^^ti^. ^^^myr^o^ 

■-Wj^\z7f^'t^o\z^ m2oS{k;!^^^*/i4 75s^SU-c 

50 v^?:^v^^rfl;iSJi$Jq!c^i^^^S^S];55fc^, HO^F^-CS 



-5- 



9 

'.zj&&mt)S.wmmi:^M^nrzm2(7:)m{\:^^'^i^m 

[0 0 2 9] ^7tm2C0^^t:«l¥^^*:/l4ll. -(7:>±1C 

^t^^^^e 2 3 (i^T. ^mm^mt-r^ 

^i^^mi^xnom^^^^h^o :i<Dfzi!bm^(r>^mm 

7 0 ju ml^±. L < it 1 0 0 mi^Ji> J: 9 W 

^ b< {15 0 0 M mi^±-e^^o r.offli(aT-^^ ^SS 

m\^^A^^x^,x\.\ 

[0 0 3 0] ^7tS#O^SS®^$:J^brtT 5^-^(0 
t-. 1 0 OMmJ^T, $f^L<tl5 0;^ mi^T. J: ^Sf 

^ L< fi2 0 M mi^TTffe^o ^ (ommx h ^ t 
m±x^. w^<zmi^m^t^^^m2(Dm<m^^mi^m4 

[0 0 3 1 ] ^^m(Dm<m^^i^<D^S::fjm^is\^'^ 
X. mi<r>mitm^mw^2. Rxm2o:>mim^m^w^m 

OVPE . HVPE {y-^y-(V 

%^0Si^m . MBE (^^j^^ei5^=*r'>-&) . MO 

cvD {^m^mt'^m.^js.^m mim^mi^^ 

H/^^SS;^ifei: LTJl. 1 0 0 m maT-Cft 



(6) 1 1 - 3 1 2 8 2 5 

[0 0 3 2] ^/t:^^0^fCiol^r. ^2cO^Y[:i^^i^^ 

[0 0 3 3] -^fzmKOTM'^^^^^^^mmnm^tti 

y'm^ytyr>^^'/u^^fzm^imh^h-thx^^, 

10 Hi-^T^ Lv^SSS^i: LTtl. (0 0 0 1) SfCSl 
^^^t-t^^yr^T. (1 1 2-0) cifASj^^ 
S<hi-6■t^y'r^T. XJi (1 1 1) m^^mtir^:^ 

'd^^jvxh^o zzxmmmmt^. (0 0 0 1) ^[c 
m^^'^b'T^'^yr^Tx^^t^. mm^mMt^ 

^(O^yr^r^ (1 1 2-0) ®[ASj{c^u-cmiE 

y'iy^vy'<y'iB^^m\^x^.^^zh Lm.itm^m^w^(D 

(10 1-0) [Urn] i-¥^T;^f^ic;^ hy^y^mf&-r 
^ri] tm^\^<. ^7t (1 1 2-0) S[Ae£J 

20 r^T(D (1 I -0 2) m[Rmi^MLXmiE^<^^ h y 

'<ym^^^i.x\^^^ztmi-'^L<. ^/c (i i d 
m^^mt-t^y^'c'^^/\^xh^ t^. mt^i^m^\^^ (T) 
:^'d^^iV(jn> (110) mhzn\^xwM.^iy^ hv^ym^ 
^^Lx\^^^ztm^^i.^\ zzxn. i^mmj^>\y^h 

y ^ y'm^<r)^^{zo\, ^xmmvtzt^. *:^9^iciou 

^yT^T(DA^j^XJ^Rm. ^t^^/UiO (1 10) Sir 

m.<\:^^mmm:^f^iz^M:LM^'^<DX\ zri^<Dmiz 
m 1 <^mim^mi^m 2 (Dii^mm^ ^ ^ 5 i::^ 1 

(Dm^t'^^^m^i^2m^^mdh^mfS.'t^tz^{z^mm(7:>m 

[0 0 3 4] *^§qfcffii.N^ix^sas^}::oi>rlll^ 

m\^^x's.{zmm^zmm^^o m5\^m^m^^mi^(7:>'^^B 

S-ir/HiI-e^5, M{t;i^¥#*ttiE56 

{cji^ffi^SifeSj^id^ 5i-7^:^f0^T•i£faT- 
40 yyyV (:=i-Vyy) S^A® i: L-Cl/^^, c<^llI{C7ji: 

-r x 0 iiZi^mf^(r:> :^ hy^y^AmcMi.xmm.^[^ 

X% K\^^lz^^t^^ hy^^^m^ir^, me^ZjjkirX 

^yr'<rcm±fizm<t^^mi^^m^M:^^ 

tzm^. mim^^'^mtmp^xi±Am\z.mLxwrf^j:^ 

^^6o-CASJc^urSi:7:e:&^f^T;^ 
o7^^7&Sor^Sb^-r< Ti'Os HI 1 '-'ll]4i::^U:fcJ: 9 

50 [0 0 3 5] t^'iZ. Am^^^t-r^-tyr^rmt^^ 



-6- 



(7) 

11 

[0 0 3 6] ^fcifci-. (MgAlaOO 
- ^I^co^gg^ (111) ®i i^^) :7y ®^ ( 1 1 

0) (110) SJC7!tL-r 10 

[0 0 3 7] ^^PJco^ffcl^^^iSl*^^ (i^T^^PJ^O 

ti(Dh(D^mm^^xhx^\ ^mM(Dmit^^^^i^^ so 

[0 0 3 8] :^^m(r>m<m^m^i^m^mmtt^^mit 
vpE (^m^m^fu^^m . hvpe (y^y^yn 
VD i^m^mit^%^^mm) m. mim^^m^f^^^ 

S^'t^(D^:::^btiXi^^^±Xco:^m^mmxt 
[0 0 3 9] 

^/^riK■ro :^/t||J£^J HIMOC VDft^ffl(/>r?fo 



^MW- 1 1 - 3 1 2 8 2 5 

72 

[0 0 4 0] SaiSSl Ur. 2-t'>'^d). C®^^ 

^^'B^P^^.z.^ y V \^ . rSS^ 5 1 0°C{::L-C. ^^';r 
yu;y'y -^A) i^77r'YT^Sl ±;;:g a NJ: 

(0 0 4 1 1 y<yyrm^f&§:^^. TUGCO^lt^X. 
f^-g* 1 0 5 O^C^T-i^^-t^-So 1 0 5 0°CJr/^ofc 

i/\ S i ^ 1 X 1 0^3/cm3 K-y't/'cG a N J: ^ t:^^ 
^ 1 coS{h:^4^^*)l 2 ^ 2 u m(753ieTJ5SS$it^o 
(1^1) 

[0 0 4 2] B 1 (7:)M{t:i^^**/l 2 ^^S^. ^ h ^ 

vy^ymi 5 fj^m. y^ hy^ymm (m^<r)mom(r) 

m) 2 M mCOS i 02^:^9 ?'^5f^SI^3^ 1 umCOBIii: 

xm^&L. m^^x. R I E'&mz.x'o^yr^rm^i 

'^X^^y'^l^^X^X^y T^rm^ 1 ^Sm^itTEMldi 

-txo'iZ^ yy^'^z,Mi.xmm.tj::^mxmfS.-r^o 

[0 0 4 31 QQdbfB^^^gm. ^J^^^ffF^JCir h 
r^^^ 1 0 5 O^C-C\ JWM:^^y^{ZTMG. T^^-T. 
'>^>';^/;:^^^V^. S i ^1 X 1 Oi^/cm^ Yr-yLfz 
G a NJ: '0 t^^%2(Dm\:^^^^^mA.^ 3 0 u mCOBg 
/?-e^fi^^^ (^3SC/iIl4) o 

[0 0 4 4] m 2 <r:>m\l'^^^^W^m 4 ^^ss. ^- 

<7:>mt'^^m^&m) (Dmm^mM^m^m:^m. (te 

[0 0 4 6] [mMm2] ^iS^J 1 i::iBi/^-C> j5^S^it 

i^iy^^rf^xmdh^m^\^xm2<DX o \zdh 
m(D±mzi^mm3 ^m^Lxm i (Dmrn^^'^wm 2 
(o^'m^m\!sL^^^m^mmz\^x. %2<om.\\:m^m 

[0 0 4 7] imMm 3 ] 1 i::ioV^T. m 1 coS 

[0 0 4 81 [ji5£^j4] mMmwz^^^x. m\<Dm, 

2 COKi?^ 2 /i 1 ju m^ 4 u mi^ 



13 

[0 0 4 9] 5 ] i^T. !^ 7 ^5tl:i^JS0iJ 5 ic 

/'cS{l:i^^?S1^il ^ ■t^—%^(nmWL(7:> LED* 

[0 0 5 0] mMMi-^l'm^rLfz^ =L-y^<D-^yr^T 
liMS^W^s I^^L. B2^7:)^{^::^*«^*/i4(7:)^S 

-^t-S^J-SIff* 2 0 0 M mi: LTtf ofCo 

[0 0 5 1 ] isfci::. n 2 (T:>m.i\:m^m^^m 4 ( s i k- 

#ft:;i4 £7:>±(CS i ^ 1 X 1 O^^/cm^ K— r/L/cG a 

jl3 1 iiii^9 0 o°CJW±i75filt^-e^S:^^±^S{k:ife)^ 

[0 0 5 2] ^fbf-. y^^y>^r/l3 lco±{;iSI/?2 0;^ 
V^;^^^^ — A. S^#F=8iaC7:) I no. 4 G a 0. 6 N 
J: 19 7i5Sl*il3 2. Ili?0. 3 .a m<7:)Mg ^ 1 X 1 0 
z^J/cm^ K— 1 Q. 2 G a 0. 8 NJ: ^^^^ pM^y y K 
H 3 3 . Hi? 0 . 5 fj. m<DM g ^ 1 x 1 0 ^ /cm^ K— 
a N J: ^ t:^^ pilij=t Vi?^^ 3 4 ^UlSi-^fi^^ 

[0 0 5 3] m^mm:ttj^^y<^yyrm3 i^pm=^> 
^^#ia^4^T6 0 o°c-er^-y >'^bT. pW^y 

(7:)^. p{Iij=z>-^:^^ h;i3 4^IW^^^'y^>'^^?r^TV^. 

m2<7:)M>ft:i^¥^^ff/l4(7:>^ffi^@tfci^i^:6o ceo J; 5 

J: (9. -^^s#{Cp-n^'^S{:iW^^^;ti-< <^cf^fc 

[0 0 5 4] p {|ij=r ^ 3 4 (O^ 

S(7:)(5f^±®S-N i/Au cJ:'9?'c^'5S*i±Opm^3 5 
^2 0 0;^>^^^ hn — A(7:>ggi5-eJi^^L^ ^(DpW.^ 
3 5(7:>±{-^ iJ<>^>< >^i:^ffico>'^:y Kl:113 6 *0. 5 

[0 0 5 5] pmmmm^^^. m2a:>m^t^^^^i^m4 

[0 0 5 6] ^com, nm^^I'lT^J^^^^^^WyU. ^2 
(Dmit^^^'^i^S 4 (DMM (10 1-0) t. ^<DM^ 



(8) ^r^W- 1 1 - 3 1 2 8 2 5 

14 

5o -(7:)LEDfi2 OmAi^ib^i/^X. 5 2 0 nmO#^'fe 

[0 0 5 7] c^sg^^'j 6 ] )^T. m 9 6 c 

[0 0 5 8] M^miX'^^hrifc^^-y^O^yr^T 

10 ssi. y<yyrm. m\<Dmtm^^w-2. Rxii^m 
mz^wm. ^^L. m2<Dm.i\::'^^'^w-mA(D^^^ 

Stti^i^. m2(7:>2{l:^^?S*S4co<^{:it-5, 

5^}-flIi¥?r2 0 0 M mi LT^TofCo 

[0 0 5 9] t!fci-> m 2 (Dm^tm^mi^m A (s i k- 

i^:^§fff^i--tr h rcom2 (;:)M^t:^^^*ll4(7:)Jz 

[0 0 6 0] (nil'l^^y K®4 3) iSfcJ-. S i ^ 1 X 
20 1 0 ' K— y t7t nSA 1 o. 2G ao. = NJ: '0 

HIOH. 2 0 :^>'^:^ N ix^. TvK— ^ (undo 
pg) OG a N J: 59 ^^5^2 CO®. 2 0 ;^>'^:^ h n — A 
^^52X1^1 0 Oil^ilLrTi^B^O. 4um(0@ 

i^^^^^ $?^L<J1A 1 Ga N^^t.-^1^^ilti"^ 

-^/6^M^b<. ^*&^/l:^*<;:»aii?^i 0 OTi-:^^/;^ 

ha — AJ^ii. 2Mm]ii.T. $ L < f-i 5 0 0 

[0 0 6 1 ] (niI'J>t;yV K® 4 4) igci/^T. S i * 1 
X 1 O'^/cm^ K->^LfcnSG a NJ: ^9 7^^^ aSl:)^;^/ 
-rKll4 4^0. 1 jumcO^iS-e^fi^i^^o Z(Dnm 

yt:tf^ ym 4 4 tl. ffit±Mco3te;^/-r K® ^ trf^ffi 

GaN^ I nGa N^J5!cS^i^^:i<h^^M^U<. 
1 0 0;=}->'^>^ St:i-i=^'-'5 urn. ^ (C^l?^ L < 2 
0 0 ;r>^^^ h a — ix— 1 M mcol®5T:^fi$-l^^ r t 
C(7:)nilt]*;^-f Kit 4 4 Hii^ftS i. G 

{znm 1 (7:);iS:t/ii2 co/ioo^>/^< ^ h-':^^i^n^^f^ 

[0 0 6 2] (ffit^ 4 5 ) iSfelC. S i ^ 1 X 1 0 1 ^ / 
cm^ K—>^t75 I no. 2 Gao. 3 Net '9 T^e^J^^FS. 2 5;^ 
>'>/>i. h n— At. S i * 1 X 1 0^ Vcrn^ K— ^(7:) I 
no. osGao. 95NJ:'C)7:^^PSSg^^ 50:^V^;^hn — 
A^5^5:{C|BSL-C?i^ii^>aS/?l 7 d^V^JX Kn — a 

(75#fifii^#FSit (MQW) (;:)f§i4;i4 5^«S^i^ 

50 5o 



-8- 
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[0 0 6 3] (pM^^^y^m^ 6) JSfei::. ^^v- K^i^ 
^yy'z:i^-^/i.^--'^-pm^tf-f ym4 7 X '0 < . 

07^ttil4 5 Mg $r 1 X 1 O^^/cm^ K 

— Z/Ufcp^A 1 a. 3G ao. ? N J: 'O^Jt^ pM^^^yZfm 

(Dmm^-tO. lami^T. ^^^iZ^l'^L<no 0 0:tly 

-Aj^Ticii^g-r^o 0. I umX'om^^mmT^^^ 

2a±(7:)A 1 YGai-rN"C^n}-i*5 0 0:^:^^:^ he — 
£7Digi?^;:>T^5I^^^{;lI5I:£L^<^^/^;6^ l 0;<^>'^;^ h t:I- 
[0 0 6 4] (pffl^J^Z-Y K;14 7) ^\Z. y<> K^Y 

* 1 X 1 0'3/cfn^ K-:/L7tpS^G a NJ: ^^^^^^ pM 
3t;^'< Kil4 7 ^0. 1 u m<7:)SIi¥-C^S^^^, ^(75 

S44i:f^i::<GaN\ InGa NVJ&^^'t^Zt^^ 
^/t. ^iOjffipffJr^ ^ K^4 8 ^J5gS^ 
^^^(Oy<^yyrmtLXhVfmL. I 0 0±>^y:^h 
u—j^.^S ixm. ^ ^4-^?^ L< f^2 0 0 Tf-^^;^ h a 

tiM g ^(7:» p m^P^m^ K-:/ ur p lico^ms ^1-5 

[0 0 6 5] ( p <|JJ^ y Kg 4 8 ) M g ^ 1 X 

1 0 2^/cm^ K-yUfcpSJA 1 0. 2G ao. 3NJ: i^Ti^ 
ISltD/i. 2 O;^-^^;^ h Ai:. Mg ^1 X 1 O^'' 
/cm^ K— :7"U7t pSG a Met ?) 7'<?^^2 CO®. 2 0 ;?f- 

m<7:>m^'=Fm X "Otlh pW^ y y Vm4 8 ^Jf^^t-^o 
wCOStinftil:^ ^ -y Kil 4 3 i:l^i:< y Tg3Ci2ia6 

0 0:^^>'^::^ h a — 1 ^ mJLUTT'^S ^it^ w 



(9) 4^r^¥l 1 - 3 1 2 8 2 5 
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Ym\mz-h^'<-^fci)K n\%^ y y YMmx '0 h p mmm 

[0 0 6 6] ^^t^it(7:>#F/i^^-t-5r^t±/i 4 5 

y^af:-;6^^t^/^ii.ll:o. 1 uml^T(75A 1 ^^t^Mit^ 

10 '0 hy<^y K^> :yy3l^>y^:i^--7^wj^$l^pjIlJ^;y^.Y Kg 
4 7^aait> ^(r:>pm^:ti'^ vm4 7 X'O hm^mt-^ 

y/is^#^/^A 1 ^^t^mim^^m^i^^^tj^m^^m X 'o 

pilij^ 7 K/i4 8 ^^it;5zit:i^^W?^ L 
V\ UTli^t) pff]^^ :y >^]1 4 6 CO/^^- K^-^ 

20 [0 0 6 7] (pm\=t'^^ ^ hm4 9) Ml^^. Mg^ 
2 X 1 0 2 = /cm^ K--:/b/-cpliG a NJ: =9 ^^c^^ piliJ^i 

Ml 4 9 S: 1 5 O:^-^^;^ h n — ACOlIff-t:-^S 
^-(t^o pilfj=f V:^:^ Ng*^ 5 0 07^>^/;^ Nn — 
T. $ £bl:iiiT^ U< tl4 0 0:^>'^^ h n — Ai^T. 2 

[0 0 6 81 Si^:.lJ|-Tm^ Si^:^SI^f^iC4o^/^T. ^7:^- 

^^^S^#fflM*. 7 0 o°CT-r^-y >'^4-ffi.\ p 
30 m{zx'om±imcopm=^>i^i:^ hm4 9 t. pm^yv 

Y^m4 S ti^y^:yi:fl.X. 4 fx mCOy^ h y ^ 
^T^V yi^M^tL. y :y'::^S®cO^B}CN i /Au 

{::pmm5 1^^.< pm:p'yy ym4 8. =r:^^^hm 
4 9(D^w^zs iOix'ofi^'4mm5o^mfS.\^. z 
(D'^ms o^ifTLx pm®5 1 tm^^^^^mLtcp 

[0 0 5 9] p mwrnm^ik. m 2 com^m^^^i^m 4 
(^^^myktmfiSL^rix^^^t^^^mm^m^z. ti/ai 

h-yi^^ t(D7^i^y^iZ'—y3 >'ffi«::Au/S 

[0 0 7 0] ^<D^^. nM^MS Si^^^y^^ y^yL. 

% 2 <7:>2{k:i^^«frS 4 (?DMS (1 1-00. iH ^(d:^ 

t>75^-;^JCS i 02i:T i 02 J:9?i6^mf*:^llK^ff^ 
^L. ami- p mill:: ¥^T^e:frf^T^ ^^-^^©ruru 



(10) 



^mW- 1 1 - 3 1 2 8 2 5 
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mm^&2. okA/cm^. mmmBEA. ovx\ 
10 0 7 1 ] r^:ss^tj 7 ] Hi 0 n:^mmco^&^m'i^ 
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*/i4f: 



(niliJ:^^ K® 5 1) S i 1 X 1 0 ' ^ /cm^ K-^ 
Lfc nMA 1 0. 2 G ao. 3 NX 9 T'^^B 20:t:y 
>^xNn — T>K— >^ (undope) G a N J: ^'J: 
'5^20/1. 2 0#>^;^ h c- J. t^J^^fwl 0 0® 

?aiiLT?:e^^^s^i?o. 4 Mmco^*&^^ii<h-r^o s 

[0 0 7 2] lgJ¥2 O;*-^^^ h 0 — ^(7:)*— a 

^#F«itO I no. < G ao. 6 NX "0 ^c^5Sttil3 2. H 
l¥0 . 3 m mOOMg ^ 1 X 1 O^o K— 1 o. z G a o. a 
NX 9 y y K® 3 3. jKi?0. 5 ju m<^Mg 

^1X1020 Y—y'Q a NX '9 piRiJ^ h® 3 

4ds|iiifc|gji$n7t«it^^i"^o 'ti.xpmmt^h^ 

y'^'^^^n^^^ y y K® 5 1 O^S^Sffi^itT n*© 

^S3 7^^^L. p hm(r>\3.\t^WiZ\^ 

S*i4(7Dpaii3 5 i:. ^(Opm^S 5(7)±i;i, 

^ V'^^co/^rv Ka^3 6 (HlOlc^i-X? 

n^f^— S«-5:>nm^3 7 i p m# 3 5 t ^i^ftfeSit 

^i-'So }:if-:7r^rs« 5 0 Mma*^ 
0 M m:^co^i^i-t*^o 



[0 0 7 4 1 

^ztt^^xt^b. 

[Hi] :^^m(r):^&<D^T.mlzjrs\.^x'i^^hrl^m^t^ 
^mi^ry ^ -.^(Dmm.^^'Tm^^mmmxh^ . 

[[112 1 ^^m<r)l7W:<7:f^T.W<z.^\^^x'^hri^m^t^ 

^^^c ^ o ^sit ^ ^-rm^^m^mx $> ^ . 
20 ^m»9 ^-y-iT^mm^^-rm^^mmmxh^. 

[Mo] '^yr-(T(/:>m:^iiL't7j^ira.^>yhir/i^\^xh 

-So 

me] <^mm(Dy^ h y-(y':ff m^mm'r^tz^(7:>mm 
^mM<DW-mMx$y^o 

[m7] ^mm<7:>:^m:ix^mi^^m^^tzm^m^m^i^ 
ims] m7<Dm^ipMmm^^h^rzW'Smxh^, 

[119] *^9^<7:»;^&!cx^SS^fflv^fcm{t:fe^^<^ 
. LD^^o-Sig^^-rm^ffSUlT^^. 

J^) [Hi 0] :*:^0^£75*^^{CX^S«^Mi/^fcM'ft;^^^ 
*L E D^^£7?-«3t^^-rm^^®Ill-C^5o 
[^?^<7:)m§^] 

1 * • * • 

2 • • • • ^ 1 ^mm^^^<^ 

3 * • • • {^^m 

4 — • • n 2 (omit^^'^f^ 
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